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„„„„ This ^SB^cation is a non-prov, 
applications 



isional application of provisional 



Technical Field of the Invention 



formations and oil and gas wells. 



Background of the Invention 



remaining part of this description, the term micell 
the organized interacting species. 

lu, formed bv the addition of certain 
NO 4 725,372, NO. 5,551,516, No. 5,964.295, and No. 5,979,557. 

... brea«ng, for instance, when brea.,n, of .he flu,d ^^^^^^ 

,3 n-e.hodsen,p.oyea,ob.eaKviscoe.as<ics„rfac,an.f,uids. 
,..O..ea.e.a.o.o™.on.e^^^^ 

,i„„,a.ion and *e .*e s.nce, unUK. v,s oe as ^^^^^^^^^^^ 
...d po,y.e« fluids do no, ^P"— , „on,d resuU 

aqueous formation fluids and leaving a h,gh-v,scos,ty 
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H ,i„„ Of the formauon peaneabiU.y and consequenfly, a decrease of .he 
in a reduction ot me luimau ^ Krf>5>Wpr<i can 

. • The most Widely used breakers are oxidizers and enzymes. The breakers 

involve soluble oxidizers or enzymes, oxidizers or involve the use 

.o.posU>o„s.voWee„cap.,a,ede„...o.^^^^^^^^^^ 

ofp„-orpos.-flushes.ha.co„.a,n..ea.e.. — ^^^^^ ^^^^^^ 

pack, filter cake, the rock matr,x, >n a fracture. 



environment. 



20 



25 



. o , rB2332223 "Visccelasnc surfactant based gelling composition for 

— r:~ ir: ... .--^ 
rr:— 

•K • ITS Patent No 4,735,731 several methods to reversibly 
[00101 Rose et. al. describe in U.S. Patent No. ^^^^^^ 

• tv nf VES solutions through an intervention at surtace. in 
break the viscosity of VES contacting the fluid with an 

effecttve ™ '^^^^^^^ , ,„,.ant,a„y restored. The revers.Ne 

lll dig fiu.ds s„ that the p„,nped into the well is 
treatment of Rose is useiu u^nken at surface for solids 

„scous enough to carry cutt.ngs to the surface hut able t e^^k 

, The breaking methods discussed in Rose are not used to 
irl dl: a we., Id further appear to ha.e an e impact on the v.scos,ty of 



the fluid. 



f there exists a need for methods for breaking viscoelastic surfactant 

:::: a t :—:: :: or gas ^. — 

12whe„,beyareno.hrokenbythenatura„nnuxofreservo.rfiu,ds. 
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EXPRES 



Summary of the Invention 

.nternal, externa, o ^^^^^^^^^ ^^^^^^^ ^^^^ ^^^^ ^„,„„„ 

"PMHAC"^ and zwittenomc surtactants sucn 
referred to as EMHAC ) an ^^^^^ viscoelastic 

•:::-L:;;::r/::;---.. 

efficiency: _ 



Type of breakers -> 
Type of surfactant i 



cationic 



anionic 



Zwitterionic 



Salts 



Alcohols 



Good 



Weak 



Good 



Good 



Good 



Good 



Acids 



Very weak 



Good 



Good 



, „f the invention to provide methods and compositions for the 
,e,ayed breaic s c ^^^^^^ ^^^^^^^^^ 

*'=''=""^™7 1: s L-*at causes 
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XHe„,a,a,a.eni.e,,He,e,v.c„sUy..sn« reduced .,*e — 

a gel breaking system. 

,00., T.e fonowins si.pIMed sequence describes a preferred application of the 
compositions of the present invention-. 

(A) AS^uriace^jiuin^^ 

combination and pumping of a known viscoelastic surfactant gel . 
additive A developing into a viscoelastic surfactant gel. 

(B) M.uHHsin^l!-iam»n^^ 

The addittve A (either through an .ntemal process or af«r adding a 
.econdadditive)re,easesa.,eas.onecompo„entB..h,chreduces*eg 

strength of viscoelastic surfactant gel. Both processes are des.gned o 

viscoelastic surfactant ge, is present in the fracture and formatton . 

. . „ne aspect of the invention, a precursor is provided that 

breaking agent absorbed into solid particles. 

:::sand reduce thenuid.sge,s.re„gthandnuidviscos,t.dur.nghac.«o„. 

-mostprefe.rede.mplesofA~^^^^^^^ 

3„,fates, alcohol ether sulfates, ^^'^ '^ „,,,.o release an 

ethoxycarboxylate anions and ester carboxylates. These pro 

alcohol oracarboxylicacidbreakerforinstance through hydrolysts. 



NON-PROVISIONAL P^™1^!^}5^J^^, 



NEY UUi-Kci — 
rPRESSMAILEF4l6360475US 
^IRS: ERIK NELSON ETAL, 



EXPRI 

f f^rmc including worm-like, rod-liKe, spncu^ai, 

r;rr;. ^^^^ 
"--"--"•■'-t::z::t— - — - 
- *■ •"■ * rr i« s^.— 

optimum range and the tluia ^^^^ ^^^^ 

rr: r:-:. — .... . — ... a. 

5 disrupt the micelle structure would be appropnate. 

, A hv the delayed decomposition of a compound 

o" a.e SUCH as .He «... saHc.a.e a„a e.M 

decompos,«on of a sahcyla g ^^^^^^^^ ^^^^^^^ ^^.^^ 

salicylate. The decomposUion of the latter contp 
20 induce a further viscosity reduction. 

„e, other— s,asi„aicated..—^^ 

--'Tt:;:::::!::::— 

— co„.rollea re^ase encapsulated — >n 

„ atedntaterialsarereleasedat.^^^^^^^^^^^^ 

-10^6 17-^ discloses encapsulated potassium salts, mciuamgp 
Pat. No. 3,956,173 discloses f ^ least in part by dissolution m 

:-:i::r'::- .. — - — - 

30 rupture of the encapsulating coating. 
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™„.. A„o*er aspect of .he invention reiates to siowl, acting breakers. One type of 

brief delay in the degradation of the viscoelastic surfactant flutd. 
,,.3,Onetypeofso,nh,ehrea.erco.prisess„ha^^^^^^ 

„ppos,te,y Charged to the hydroph.hc ^^^J^^^:^^^^ 
that make up sotne viscoelasttc surfactant flu.ds, ,n o 

„ ~« — • — « — — ' 

described in other embodiments here.n. Absorpt.on, 
carboceramic proppants or zeolites. 

Other slowly soluble breakers are selected among '-^^^^^TJ^ 
.rface temperature and initially e.ther tnsoluble or —^^^J^lowly release 
,3 surfactant nuid. e^e .s im— 

30 compounds, with suitable dissolution rates. 
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PXPRI 

wHcn it ,s in liquid fon. can be used. The v scosu, ^^^^ ^^^^^^^^^ ^^^^ 

embodiments herein. 

,,^Ve.o„e™o.a.pec,„nHep..nU„.„.,on..^^^^^^^^^^^^ 

na»a, o, ^'^^'^'^^ , ,,„«e. tangin, within 

rrn^^Inanopa*^ 
1/1000 microns and 10/1000 nucro stimulation or other 

„ „, : « - — - - - - 

20 pre- or post-flush. 

.othe. pa..,, aspect . this — n to ^^2^:^ 

.r.....^o,.---'^'-o.c..^o..^J^^ ^^^^^ 

,3 composition from the main fluid tha, contains ptoppant. 

. ed before introduction of an aicohoi to a viseoe.as.ic surfactant flu.d 
Asmen.,onedbefo., ^^^^^^ ^^^^^^^^ 

wrlLiaU, not a,ter.ns the viscosit, at medium-shear 
T, si t a fluid to carr, proppant, the fluid must be v,scous at ow 

rate (around 100 sec ). rui fracture width essentially 



NON-PROVISIONAL PATENT APPLICATION 
ATTORNEY DOCKET NO. 56.0503 
;XPRESSMAILEF416360475US 
.RS: ERIK NELSON ET AL. 



PXPRI 

iN^|k>i 

,e,uae a f,.. pad s.ase wUh a proppa„.-.ee .ac.rins «uid, fCowed 
,ag= AddUion of alcohol during .his pad stage wiU co„se,ue„dy no. s,gn.f,c nrty a*c 
.ag. Po. — pa„ — .o. p.oppan. w.n he added 

„h,.e add„ion of alcoho, wUI cease .o a„ow fluid .o .ranspor. proppan.. 

frac.u.e «n be s a ed „ .nhe n,a.rtx, leading .o 

no^ally no. .econunended .o add alcohol fo. high fon.a.>on pe.n,eab,l,.y. 

- . ano.he. ...an. of .he in.„.io„„he alcoho, ^^j;^::^ 
-A The Dre-pad is a fluid usually comprising water, a solvent 

— 

surfactant fluids, to improve control of that breaking. 
..3..shou,dhea,sounde.s,ood.ha..hef— ^^^^^^ 
eo„.,n con.pone„.s in addUion .o «.e., e e Co «s ^ 
,S addi,ional components a.e, fo. example, acds, bases. _ 

con..ol of muUivalen. ca.,ons, freezing po.n. dep.essan.s, and .he h.e. 

,„33,B.en.f.hep.ese„.app,ica..on,sfocus.— ^ 
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„ of coa..ed — , and ,n — fo. .he con,a.,.e„< o. re^edia^on of 
ground or groundwater contamination. 

Brief Description of the Drawings 

typical viscoelastic surfactant based gell.ng compos,t>on; 

«,te..o..*e effect Of ™e..ano.o—on.e™^^^^^^^ 
of various viscoe,astlc surfactant based geUing contpos.t.ons at 60 
,.3.,Hsu.3sHows.Heeffec.ofaddi„svat,ous.e.Mdies.etstoa— cge. 

0 neutral and low pH conditions, respectively; 
at neutral and low pH conditions, respectively; 

persulfate breaker agent; 

. the viscosity of a viscoelastic surfactant fluid containing a 

20 in presence of curable proppants; 

HgurefOsHowstHe viscosity asafunct,o„ofcb,oridec—n for solutions 

lJining2.«w«and4.5w.%EMHACsurfactant,respect,ve,y. 

,„«,Oifferen.exa™p,es for breakingage, of concentrated viscoeieastic surfactants are 

described below: 
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EXAMPLE 1: addition of alcohol 

Figure 1 shows the effect g ^^^^^^ ^^.^^2- 

hydroxyethyl) ammonium chloride (EMHAC), iw 



chloride. 



efficiency increasing wi,h increasing chain length (C .o C). 

..h .he smaiier cha.n iengih aic.o, ..ec.^^^^^^ —1::::.: 

reference fluid w,th - " ^^^^ „ ,0 an. ISOs' - and 

fracturing fluids are subject to a viscosity at loxv shear-rate 

c„„se,uentiyt.eaddi,ionofa,coho,n,a,cesitposs,h,eo.owerv^ y^^ ^ 

Oi.e during clean-up, while essentially no. reducng the 

fracture. 

... .gu..sho.s.heef.c.of— 1 — 

gelling con,posi.ions a. 60"C and 8 C. A « J ^^^^^ „ 

, i^opropanol, 3w,% NH^Cl, is hro.en by ahou. ^ ^^^^ ^ 

T'lll e ydrophob.ca,lyn,odif,ed-polyacrylan.de, 
„no.,0.3«* .^^^^^^ 

— -:-lc — ^g.3^^^^^ 
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EXAMPLE 2: addition of ether 

leo of .he viscoelas«c ,e, bu. wH.ch can decompose .o .e„e«.e a>coK°UR O^^^^^^ 

ILration grea.er .»a„ or e,ua, to .he cn.iea, co„ee„,.a.,o„ re,u.ed .o b.ea. 
7Z. R' an. R" are a.on.a.,c, sa.n.a.e. o. un— h,a.oea.on cha.„s. 
R'COOR" + H2O ^ R'COOH + R"OH 

■ „f also efficien. .0 break a gel comprising a VES (see 

,0050, Since some organ.c ac.ds are a so .IT. _ ^^^^^^^ ^^^^^^^^^^ 

— 3>, aaai.,on ---J^ :^^^-^ ^ ^ 

occurs a. appropriare ome. A similar ettect 

I dibasic or tribasic ester. 

, . ihe effect of adding various methyl diesters to gel B defined in 
Figure 3 shows the ff^t ^^^^^^^ ^^^^^^^^^ 

example 1. In contrast to the more hyd p wdrophilic esters 

adipate, dimethyl diethyl malonate and dimethy, ^ ~ ^ 
„li.aconate,dimethy,malonate,dime.Mm^^^^^^^ 

lich,asshowninfigure.,ssufr.cienttobrea.gelBat«»CorgelCatSOC. 
20 delayed breaking of the gel. 



EXAMPLE 3: addition of a salt of an organic acid 

RCOO- + H"->RCOOH 
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EXPRE5 
INj|MpR: 

A fv,at TJCnn has little or no effect as an effective 
[0054] The salt shall be selected so that RCOO has 
counterion in the viscoelastic gel. Examples of suitable anions are : 

V A 9 mO^cmCOO- + -> 2-(HO)C6H4COOH 
salicylate anion/ salicylic acid : 2-(HO)C6H4CUU + 

■ A -OOaCH2)4COO- + 2H^->HOOC(CH2)4COOH 
adipate anion/ adipic acid: OUC(.«^n2j4^^ 

rH COO +H" QH.gCOOH 
versatate anion/ versatic acid: CgH.g'^^^ + 

„„,a.a.eaMo„,„u...ac>a: -OOC(CH.,COO- . - HO0C(CH.),COOH 

o .h a. .He co„ce„.a.io„ of RCOO" ,s .rea.er .Han ,He co„cen.ra.,on of '^COOH^ ^^^^ 
la.e .ime .owe. pH cond,.ions are genera.ed so .Ha. .He conce„.ra„o„ of RCOOH 
appropria.e time, lower p conditions 

type and concentration is chosen such that there 
properties of the viscoelastic surfactant gel. 

Pi,„.e . SHOWS .He effec. of .He add..ion of adipie a d -^^^^ 

composition —ng 3.375wt% erucy J ^ 4„,^„ 

1,1 fFMHAO 1 125wt% isopropanol, 0,75w.%Hm poiyai, y 
chlonde (EMHAC), l. coumerion, whieh enHances fluid 

20 low pH conditions. 

25 viscosity under low pH conditions. 

,„„S„ FinaUy figure 6 sHows tHa. ve.sa.ie acid is an efficient breaker under ,„w pH 
i:,::::atlutra,pH,wHere,Heconcent_^ 
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a™,„„iun, Chloride (EMHAC), ,.5w.% isop.opanol, 0.5«,% h.-polyacry.amide and 
3wt% ammonium chloride. 

100591 With zwitterionic surfactants such as betaine surfactants, citric acid 
HOC(CH2COaH)aCOOH is a preferred breaking system. 



EXAMPLE 4: addition of organic sulfate salts 

Lon. chain alcoho.s can he generated h, .he acid hyd.o^sis -anj su-fa. 
L .eh as (.) K.OSO,X, whe. K >s a ...a.ed hnea. M^-on c-^^^^^^^^ 

,■ ,e. sodium lauryl sulfate. C„H„S04Na) or (n) R0(CH,CH.0)„SO4X 

rlTluLrwhereKLsatutatedhneath,^^^^^^^^^ 
"carhon atotns. n Is .n ,he ran.e 2-10 and X is typieaHy sodlu., n,a,„es,u. or 
ammonium. 

Add hydrolysis of R-OSO3X or RO(mO,„SO,X a. elevated temperatures 
Z any >3oi) releases sulphunc a.d »hich catalyses the hydrolysis, e.g. under ac d 
r R O O3X . H.O ROH . H.SO.. certain concentrations of al.yl sulfates 
cond,t,ons,R-OS03X*H. ,„fates (e.g. 

T. Z:jZs:^^^^ —ants in — e surfactant 
X^ltitLl Where the vtscoelastic surfactant eontponen. ,s cationic, e.g. erueyl 
methyl bis(2-hydro.ycthyl) ammonium chloride (EMHAC). 
, ,.„„, Thus in the application to the fracturing process, low concentrations of organic 
' 1 : rfacantsl he used to enhance gel strength and viseos.ty dur,n„g 

1 formation of the propped fracture hut then a sufftcient concentrat.on of long 
alcohol can be released to brea. the gel during the bacMow phase. 
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INj^^R! 



EXAMPLE 5: addition of polymers 

,„0.„ in .he application of viscce.astic surfactant based geHing co.posmons 
vscoeLc surfactants in contbinatton .,tH ^^'^^^^^^ 
H.i.vPd release of a breaker compound can be achievea oy 
Z^X:ZC::^Z - PO.™.. - — , an a,eo.o, .ea.et 
ear:::tateaJaciaH..o,.s,soft.ea,M actuate 
eo-polymer with acrylatnide using the reactton-. 

';:H,Loge:orn,eth.,andR-.sa,.„eatothta„ehedsatutatedhvdtocath„ncHa.^ 

,.cm-CH<CONHMn[-CH2-CH(OOCR- )lm . H20 ^ I CH 
of the vinyl alkanoate groups in a co-po,ymer w.th acrylam*. 
; branched saturated hydrocarbon chain. 

.or e^nrpie. the acid hydroiys.s of a viny, 

Z . ..... composition 

1::^— an™o„ru. ch,oride <BMH^C), 
CpI 0.L* h™-po,yacry,an.de an. a— chioHde-, the 

viscosity was measured at 25 'C. under a shear rate of Is . 



25 



EXAMPLE 6: encapsulation 

. .ase v..coe,as.ic surfactant .id was 
percent EMHAC and 3 weight P-"' " ^ , , . 

perform two proppant-pac. — v.ty te.s a C. ^^^^ ^^^^^ 

:ru:e":i:=^^^^^^^^ 
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EJiPRES 
N^B^Rf 

eenain flow rate was measured over .i.e. A decrease in .he resistance .0 flow indica»s 
.ha. .he viscous fluid is breaking. Disp.acenren. of .he viscous flu.d ,s .ermed c.e up. 
Lapsu,a.ed a^noniu. persuWa.e a. a conce„.ra.io„ of .en pounds, .housand gaiion 
, nOOO gai) was added .o .he fluid as a hrea.er agen. for one conduc...., .s an 
Ln pounds, .housand gaiions (.SihsHOOOga,) was added in a„o.her. No add,..ves 
L used in .he co„.ro. conduCiv... .es.. The proppan. was .0/40 ™esh Cawa.^. 
The con,para.iveresu,.s are Shown in P,gure7, Where .he res,s.ance.o flow orflowh. 

pressure (indicared in v„,.s on a pressure .ransducer, is p,o..ed versus ..nre and APS 
designates ammonium persulfate. 

l,„.„ upon Cosure during .he condue„vi.y .es. .he encapsu,a.ed ammoniu. persuH.^ 
, broke and released .he ammoniun, persulfa.e, which broke .he v,seoelas..c 

levideu^ 

::::akerwaspresen.,a„d.he.irne.oachievec,ea„upwassig„iflca„...shor.er. 



EXAMPLE 7: addition of sodium hexanuorophosphate 

A base viscoe>as.ie surfaCan. fluid was prepared by adding .o wa.er 2 volume 
rl EMHAC and 3 weigh, percen. ammonium ehloode. To porrrons of , ,s u^ 
adL varying amounrs of sodium he.afluorophospha.e NaPF. The v,seos,.y of .he 
were added varying amo ^^^^^^ ^ 

fluid was then derermined a. room temperarure (abou. 21 C) 
shown in Table 1 below. 
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Wt% NaPFe 


cP at 21°C 


cP at 60°C 


0.00 


165 


96 


0.03 


45 




0.04 


33 




0.05 


12 


33 


0.06 


6 


15 


0.07 


6 


12 


0.08 


6 


9 


0.10 


6 


3 





and/or dissolution. 



EXAMPLE 8: melting point released alcohol 

t FMHAC and 3 weight percent ammonmm chloride. To this iiu 

a,co.o, - a. *e .es.e. we.e p.ace. . a — j"- 
. and the viscosity was monitored as the fluid temperature was tnereased. The 

fluid is represented by biaeic triangles; the viscostty curve of the tested 
lpresen.edbyadotted.ine(nosca,eisprovided for the Viscosity measurements). 
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n^elting point of the alcohol. The fl.d v.scosUy did not recover, indicating that the 
system's ability to form micelles was permanently destroyed. 



EXAMPLE 9: resin coated proppants 

THe se„U„s we.e perfo^d a. .o. ..pe.a».e us>„s 200™, sra.ua.e. 
,n„<.e.. The base v,scoe,a.ic surfac.an. Hu. for a,, of .Hese .es.s was^ ^u™ 
percent EMHAC and 4w.% potassium ch,oriae, with an iniua, vscosuy of .68cP 
hear rate of nOs ' as n,eas„red on aFann 35 viscon„..er. The proppan. s.e use , a, 
:L.es.s«as.O.O.esh.oens.reaeon,para.^^^^^^^^^^^^^^^ 

: n proceaur was used: 200.1 of *e flu. co.Mnea wUh >00, proppan. Ce,ua 
: (founds per sa„on)proppanUoaa.., was vigorously sha.en,nabea.er.ooh.a 

olJe„oussuspens.on and transferred ..oa^^^^^ 
h i ,e separation and for .He co.p.ere se..n. of .He proppan. was .Hen o se. . 
T e viscosUy of .He overtaying fluid was measured by Fann 35 and conrpared .o h 
in a scoly of .He fluid. TaHie 2 shows ,He se,.Hns .in.es for curah.e resrn coa. d 
pZ aL J. and .Hen, for reference, .yp.ca, se.flin. .i™es of "-.e^-— 
%Z ecPl m .70s-- refers .o .he viscosi.y in cen.,poise a. a shear rare of , Os^ 
„ Cpa ndica.ed as (Borden, were oh.a,„ed fro. Borden Che^ica,, .nc, O^e 
pZcs, Hous.o„, TX., proppan.s indica.ed as (Sa„.ro,) -^^^-^^^ 
■ A- .^A c« rr ARBO^ were obtained from CARBO Ceramics 
Fresno, TX; proppants indicated as (CARBU) we 



Inc, Irving, TX. 
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Table 2 

Resin Coated Proppant 

S BU (Borden) 

SBU 6000 (Borden) 
CR4000 D (Borden) 



SHS (Santrol) 
SDC (Santrol) 
Super-LC (Santrol) 
Super TF (Santrol) 



XJncoated Proppant 

CarboPROP (CARBO) 



CarboHSP (CARBO) 



CarboECONOPROP 
(CARBO) 



Visible Separation 



Complete Settling 



Vise. IcP] @ 170 s ' 



Visible Separation 

<23 hr. 23 i 



Complete Settling 

30 hr. 8 min. 



4 hr. 22 min. 



28 hr. 50 min. 



21 hr. 39 min. 



27 hr. 57 min. 



Vise. [cP] @ 170 s; 

159 



above and is supported by the results shown in Table 2. 



EXAMPLE 10: slowly soluble compounds 

A base vi.coe,as.ic surfaaan. fluid was prepared by adding ro warer 3 volume 
„, EMhIc and 3wt% ammon.um chloride. To *is fluid was added 1 volume 

base fluid. This fluid was then stored at 60 C. 
observed to break after 4 hours. 
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EXPRl 



NfcY U'J^r^' ^ 

'PRESS MAILEF41636047SUS 
)RS: ERIK NELSON ETAL. 



EXAMPLE 11: slow decomposition of compounds 

.„S, Figure 10 de,nons.a,es how ,he release of ch,or.de affec.s .he viscosiry of a 
„„, The lower curve (marked by diamonds) eorrespondmg to a 
"7 — -j;;^ _ eorresponding .o 

eo„ce„.a..ono,«5w.%E ^^^^^ >„_ins 

a eoncemrauon of a 4.5w.% 13MH ^^^^^^^ ^ ^^^.^^^ 

chloride content. The graphs show that the v.scost.y ,„„ee„,ration 
K, „ 06 too 8wt% salt concentration to decrease rapidly at chlonae 

he ond , TO achteve the necessary change in salt concentrahon, .t .s 

::rnr;rdtoa:dana,M.a,ide,pre,erah,yana,Mc^^^^^^ 
„,,,.hepreced,„gdescr.pt.onofspecince— ents^the.^^^^^^^^^^^^^ 

— ^:t::::r:!r::n::i.e»thesp^ 

rd—thedherethatwonidhewithtnthescopeofthepresenttn— 



20 



